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Abstract:  In this paper, discrete event simulation by 
batch-means of a M/M/∞ queuing system is utilised to 
simulate a cellular CDMA system.  The details of the 
simulation model, warm-up period, and simulation run 
time are discussed. The warm-up period is studied 
because it affects the accuracy of the results in 
simulation of communication systems.  During the 
warm-up period-when the simulation system has not 
reached the steady-state situation-, the system results (eg 
blocking probability) vary very rapidly from zero to 
0.037 for the parameters used. In the batch-means 
method with 10,000 calls per batch and for 50 batches 
(500,000 calls), the CDMA blocking probability is 0.0192 
with 99% confidence interval.  
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I.  INTRODUCTION 
In stochastic simulation the input data (for example 
arrival and service times) are random variables, the 
output results might vary depending on the simulation 
length. Statistical behaviour and analysis of the  
random variables is therefore very important in 
determining the accuracy of the simulation results [1]. 
In addition, the simulation model is an abstract model 
and the results are not as deterministic as the 
hardware model’s results.  
   During the last forty years, a variety of methods 
have been suggested for data collection and analysis 
of the non-stationary queuing processes. One of the 
pioneering papers that initiated much discussion was 
‘Some tactical problems in digital simulation’ by 
Conway published in 1963 [2].  Conway highlighted 
that initially the queuing system is empty and it takes 
some time for the system to reach the steady-state 
situation. The initial stage is called the transient or 
warm-up period. Collecting data during this period 
could affect the accuracy of the results. Since 
Conway’s paper, a variety of methods have been 
suggested to minimise the effect of the warm-up 
period and provide results that could be used with a 
certain confidence. In [24], analysis of results in a 
cellular environment was discussed. In this paper, the 
method of the development of a cellular simulation 
model is further discussed.  The simulation warm-up 
period and run time, are further analysed in the batch-
means simulation method used.     The organization of 
this paper is as follows. In next section, the simulation 
by batch means method is discussed. Section 3 covers 
system model. The simulation analysis results are 
then presented in Section 4. The last section presents 
conclusions.  
 
II.   SIMULATION METHOD 
   Several methods (regenerative simulations, 
replications method, and batch means method) have 
been suggested for data collection and analysis [3]. In 
regenerative simulation there is a state called the 
regenerative state that the system returns to, over and 
over again.  The process starts anew probabilistically 
each time this state is visited. The main advantage of 
the regenerative simulation is that one does not need a 
warm-up period.  In the method of replications, the 
simulation is repeated a number of times, each time 
with a different series of random numbers. Average 
values of the results are collected during each 
replication.   In replication methods, each replication 
has its own warm-up period and this would reduce the 
accuracy of the results [4].  If a single long simulation 
run is used (batch-means method), the warm-up 
period needs to be determined and removed only once. 
   The batch-means method is used in this study to 
simulate the CDMA system. In this method, the 
results are obtained from a single simulation run time 
but the simulation observations are divided into 
batches [5]. The simulation is run for a number of 
batches and continued until the required precision is 
reached between the results of various simulation 
batches [3].   
The observations from K batches with n observation 
per batch are 
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As the first batch has a warm-up period, and assuming w 
observations belong to initial warm-up period, the mean 
value of results for the first batch (1) is [3] 
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The mean value of results per batch, (2), … ,(n) 
can be calculated as 



n
j
iji X
n 2
1

                                               (3) 
and the sample mean of the various iterations is 
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so that   is the average of the averages.  The sample 
variance for the iterations is thus 
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   Applying the Central Limit Theorem[6-8],  for a 
very large number of call arrivals, it is fair to assume 
a normal distribution for i  with an estimated mean  
   and standard deviation Kσ(k)/ .   For a 
normally distributed variable,  the 95% confidence 
interval is  1.96 times the standard deviation of the 
mean and the 99% confidence interval is  2.58 times 
the standard deviation of the mean [7]. If   is the 
true mean,  then the 99% confidence interval is 
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Hence the true mean   is KK)(58.2    with 
99% confidence and KK)(96.1    with 95% 
confidence [9].  The difference    is the error of 
the estimate, the difference between the true mean and 
the estimated mean.  If the results within a 1% margin 
are accepted, the following inequity should hold to 
terminate the simulation 
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   Note that as K (number of batches) increases, the 
LHS of the above inequality decreases. Essentially (7) 
is a test, the batches are continued until it is satisfied.   
In the CDMA simulation model, and for each batch, 
the mean value of the average blocking probability is 
obtained for 10000 call arrivals. When the number of 
call arrivals exceeds 10000, the second batch begins.  
The batches are continued until the required 99% 
confidence in the results is reached.  
III.  SYSTEM MODEL 
   A cellular CDMA system (a home cell and three 
tiers of neighbouring cells as discussed in [10]) is 
considered  with a base station located at the centre of 
each cell. The signal strengths of three neighbouring 
cells are compared to find the home cell as found in  
[11]. Calls are considered to suffer log-normal 
shadowing (but not Rayleigh fading [12]).  All cells 
are assumed to be homogeneous in every respect and 
users are assumed to be uniformly distributed over the 
cell area.  The reverse link (mobile to base station) is 
investigated as it is the limiting link due to its inferior 
performance compared to the forward link [13].  
   The CDMA system is modelled as a M/M/ system  
[12, 14]. Calls are assumed to arrive in the system 
with Poisson distributed probability with mean arrival 
rate  calls/second. Calls remain in the system with a 
negative exponentially distributed call holding time 
with mean 1/ seconds/call. When a call is accepted it 
remains in the system during its call holding time.  
There is no limit on the number of calls accepted to 
the system (soft capacity) as long as they meet the 
required call quality of 7dB.   Any calls not meeting 
this required quality are blocked from entering the 
system.   
   Call quality in terms of the energy per bit over total 
interference spectral density Eb/No may be calculated 
as [15]:   
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Where (I/S)o  is the ratio of other-cells interference to 
the received signal strength (S) at the home base 
station,  is background noise, W/R is the Processing 
Gain, W is available spread bandwidth, R is data rate, 
and N is the number of active users. Taking voice 
activity () into consideration, 
               

0N
Eb
SSIN
RW
o /)/()1(
/
 
             (9) 
                       
   The total other-cell interference Io is the interference 
produced by all users who are power controlled by 
other base stations. Assuming a CDMA system with 
M outer cells and N users per cell, then the total other 
user interferences-to-signal ratio 
oSI )/(  is  [12]:  
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The system model is further explained in [11, 16] 
 
A.  Progressive Development and Results 
Verification of the Simulation Model 
 
   The model was built (creating a C simulation 
software of the CDMA system) and tested 
progressively from a simple queuing model to a 
complex M/M/∞ CDMA model to ensure its accuracy. 
The first model developed was a M/M/1 queue with 
Poisson arrivals with exponential call holding times, 
single queue, single server,  and no limit on the size of 
the queue.  The average number of uses in the system 
is given by the formula [17, 18] 
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   Using both the analytical and simulation method, 
for arrival rate (λ) of 0.8 and  call holding time (1/μ) 
of 1, the average number of calls in the system was 
found to be four.  As the system has infinite size, 
there will be no call losses and probability of 
blockage is always zero. Next, the model was 
modified to a M/M/1/K queuing model and the results 
were compared with the analytical results.  This queue 
is similar to the previous M/M/1 queue but the system 
size is limited to k (including the call in service).  The 
probability of a call arriving and finding the system 
queue full, and hence, the call “lost”, is given by [18] 
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where k is the system capacity, the total number of 
calls in the queuing system [9, 18]. The blockage 
probability can also be calculated using the M/M/1/K 
simulation model where the system was put under 
different traffic loads, and the blockage probability 
was found by dividing the total number of blocked 
calls over the total number of call arrivals. For a given 
traffic load of 0.1, /, and the system size of k=2, the 
simulation blocking probability was found to be 
approximately 0.01 matching the result from the 
above formula.   In the next step of the model 
development strategy, a more complex M/M/K/K 
queuing model was built. Any calls that arrive and 
find all the servers busy are not queued and are lost 
(blocked-calls cleared).  The blocking probability for 
a given traffic load, /, can then be obtained by 
calculating the ratio of the total number of blockages 
over the total number of arrivals.  For the traffic load 
of 10 Erlang (=20, =2) and for 12 circuits (K=12), 
the simulation results provided a blocking probability 
of .12.0kP  The blocking probability for a 
M/M/K/K system can also be determined by Erlang-B 
formula  [19, 20].  
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where λ/μ is Erlang traffic (mean traffic capacity), and  
K  is the number of required circuits.  For the traffic 
load of 10 Erlang, and K=12, the Erlang-B formula 
provides blocking probability of  Pk=0.12.  
Alternatively, the fixed telephone network traffic 
tables can be used to find the blocking probability.  
The analytical formula results of Pk=0.12 matched 
perfectly with the simulation results.   Next, the 
simulation model was modified for a CDMA system. 
CDMA is a M/M/  system where there is no limit on 
the number of servers (channels), calls will not get 
blocked because of the non-availability of a circuit as 
it was for a M/M/K/K system.  The call admission 
policy in the simulation model was changed in order 
to accept the calls if they meet the required quality of 
7dB.  In addition, the M/M/K/K model was modified 
to allocate a mobile location and propagation 
parameters, choose a cell site, and gather the relevant 
call statistics described earlier. The simulation was 
then performed for a set of parameters. The CDMA 
simulation model results was verified in [21, 22] with 
analytical results obtained in [14]. 
   In the simulation model, a circular queue (figures 1) 
was used to hold the cellular call arrivals. The size of 
the circular queue must be bigger than the total 
number of calls allowed in the system and this can be 
estimated through some initial simulation test runs.  
On each arrival the rear of circular queue is added by 
one and on every departure the front of the circular 
queue is added by one. 
 
 
Figure 1: A circular queue  
 
Figure 2 is the call arrival and departure to the 
queuing system. It is further explained in figure 3 
flow chart. Each server is the processing of the call in 
cellular system.   
 
        Call Departures
1
   Servers
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       Call Arrivals
 
Figure 2: Call arrivals, service, and departures for 
M/M/  system. 
 
   The step-by-step method used to build a complete 
cellular simulation model is fully explained in detail 
in [23].   
 
IV.  ANALYSIS OF SIMULATION WARM UP 
PERIOD AND SIMULATION LENGTH  
   To study the effect of the initial warm-up period on 
the accuracy of the results, the simulation was 
performed under various scenarios for the CDMA 
parameters of W/R=125 (processing gain), =0.4 
(voice activity), Eb/No=7dB (call quality), S/=-1dB 
(signal to background noise), =8dB (shadowing 
parameter), and m=4 (distance exponent) and traffic 
load of 27 Erlangs.   
    Initially, the simulation was performed with three 
different sets of random numbers for the first 700 call 
arrivals.  The first few call losses (blocked calls) for 
the three simulations were call numbers (62, 98, 106, 
113, …) and (79, 88, 98, 202, …) and (124, 318, 327, 
379,…).  Due to randomness of the CDMA 
parameters, one cannot estimate which calls will be 
lost.  In the three simulations, there were no call 
losses for the first 61, 78, and 123 calls respectively.  
Initially the system is empty and there is a low 
probability of call losses.   As the system has not 
reached the steady state, there is a large variation in 
blocking probability and there is not much similarity 
between the three simulation results.  The blocking 
probability varies between zero and 0.037.   
   The simulation was also performed for two 
simulation runs with different random numbers, and 
for the first 10,000 call arrivals, and the blocking 
probability graph is shown in Figure 4. The warm-up 
period can be clearly seen in the graph where initially 
there is a low probability of blockage and data 
collected during this period should be ignored.  As the 
number of calls increase, the randomness in the 
results decreases and the results of the two simulation 
runs approach the blocking probability of 0.018-0.020.  
 
In the batch means method used, 50 batches used with 
10000 calls per batch (500,000 call arrivals) to obtain 
blocking probability of 0.0192 with 99% confidence 
interval.  
 
V.  CONCLUSION 
 
   Direct stochastic simulation by batch-means was 
used to simulate a CDMA system with there tiers of 
neighbouring cells. M/M/ queuing system was used 
to simulate the CDMA system. Calls were accepted 
the system if they met the call quality of 7dB. The 
simulation results indicated that initially the system 
blocking probability varied rapidly from zero to 0.037 
for the parameters used. Simulation warm-up period 
can affect the accuracy of the results and therefore it 
is important to accuracy determine the warm-up 
period to obtain the correct results. The simulation 
results and warm-up period was determined for 
simulation with 10,000 calls.   In a batch-means 
method with 10,000 calls per batch and  50 batches 
(500,000 call arrivals), the blocking probability was 
0.0192 with 99% confidence interval. 
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Figure  3:  Call arrivals and departures flowchart for the cellular system.  
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Figure 4: Blocking probability versus call arrivals for the first 10,000 call arrivals for two different 
simulation runs with different random numbers. 
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